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The structure of the Deltex tandem WWE repeats re-
ported by Barrick and colleagues in this issue ofStruc-
ture reveals an intimate interface between the repeats,
which together combine to create a binding site for the
ankyrin repeat domain of Notch.
Notch proteins are modular, single-pass transmembrane
receptors that communicate essential developmental
signals between adjacent cells of metazoan organisms.
Depending on dose and context, the activation of Notch
can drive the choice of one cell fate over another, pro-
mote cell proliferation and stem cell self-renewal, or
initiate programmed cell death (Artavanis-Tsakonas
et al., 1999).
Pioneering studies in model organisms led to the elu-
cidation of the canonical Notch signaling pathway,
which relies on regulated intramembrane proteolysis to
transduce signals. Signaling is typically initiated when
protein ligands of the delta, serrate and lag-2 family ex-
pressed on the surface of one cell bind to Notch recep-
tors on an adjacent cell. Through a poorly understood
mechanism requiring endocytosis of the ligands into
the ligand-expressing cell (Parks et al., 2000), ligand
binding renders Notch sensitive to a series of proteolytic
cleavages that ultimately release the intracellular portion
of Notch (ICN) from the membrane, allowing it to trans-
locate to the nucleus. In the nucleus, ICN binds to
a DNA-bound transcription factor CSL (CBF-1/RBP-Jk
in mammals, Suppressor of hairless in Drosophila and
Lag-1 inC. elegans); this ICN/CSL complex then recruits
a coactivator of the Mastermind family to turn on tran-
scription of target genes.
Because of the exquisite sensitivity of cells to Notch
signals, it is hardly surprising that the ligand-respon-
siveness, strength, and duration of Notch signals are
modulated by a number of other gene products. Dro-
sophila DELTEX was originally implicated in Notch sig-
naling when it was identified in a genetic screen for
loci that suppress lethality associated with certain het-
eroallelic combinations of the Notch Abruptex alleles,
a group of dominant mutations that appear to result in
enhanced Notch signaling (Xu and Artavanis-Tsakonas,
1990). The acquisition of Deltex as a Notch modulator
appears to have occurred late in evolution, because
there is no apparent homolog of Deltex in C. elegans.
Deltex encodes a protein with three domains: an
N-terminal domain with two WWE sequence motifs, a
central proline-rich region, and a C-terminal RING-E3
ubiquitin ligase domain. Early cell-based studies in fly
S2 cells pointed to a direct interaction between Deltex
and Notch: the two proteins colocalize in the cytoplasm
near the membrane when simultaneously expressed in
S2 cells, and yeast two-hybrid experiments mapped
the putative interaction to the N-terminal WWE se-
quence repeats of Deltex and the ankyrin repeat domain
of Notch (Diederich et al., 1994; Matsuno et al., 1995).Moreover, the Abruptex suppression phenotype due to
loss-of-function mutations at the DELTEX locus is mim-
icked by an intragenic valine for alanine mutation in the
fifth ankyrin repeat of Notch (A2060V), further support-
ing the inference that the Notch/Deltex interaction is di-
rect (Diederich et al., 1994).
In this issue of Structure, Barrick and colleagues re-
port the X-ray crystal structure of the N-terminal tandem
WWE repeat domain of Drosophila Deltex, and demon-
strate direct binding of this domain to the ankyrin repeat
domain of Drosophila Notch using purified recombinant
proteins (Zweifel et al., 2005). Though the precise topol-
ogy of the WWE fold is novel, each WWE module super-
ficially resembles ubiquitin. Two clusters of conserved
tryptophan, arginine, and glutamate residues partici-
pate in defining the fold of each WWE module and con-
tribute to the stability of the WWE domain composed of
the module pair (Zweifel et al., 2005). The structure, to-
gether with biophysical studies of domain unfolding,
clarifies why the WWE repeats occur as a pair: the two
repeats share an extensive interdomain interface that
is stabilized in part by an extended short polypeptide
segment immediately following the end of the second
repeat that packs against the N-terminal b strand of
the first repeat (Zweifel et al., 2005).
Combined with biochemical studies, the WWE do-
main structure also suggests that charged residues on
the surfaces of the interacting partners are likely to con-
stitute key features of the binding interface. Because the
surface of Notch is predominantly acidic (Figure 1A), es-
pecially near the alanine at position 2060 of the fifth an-
kyrin repeat, one particular patch of basic residues adja-
cent to a narrow cleft between the WWE repeats (Figure
1B) merits consideration as a putative contact site; this
possibility can now be easily tested by site-directed mu-
tagenesis.
Because loss of Deltex function suppresses Notch hy-
peractivity, and because loss-of-function phenotypes
are synthetic lethal with certain hypomorphic Notch al-
leles, the early genetic evidence in flies led to the conclu-
sion that Deltex is a positive regulator of Notch activity
(Matsuno et al., 1995; Xu and Artavanis-Tsakonas, 1990).
On the other hand, more recent studies in mammals
have shown that Deltex1 (one of four mammalian Deltex
homologs) acts as an antagonist of Notch signaling in
models of neurite outgrowth, lymphoid development,
and mammary carcinogenesis (Izon et al., 2002; Kiaris
et al., 2004; Sestan et al., 1999). Yet another possibility
is that Deltex participates in a CSL-independent branch
of Notch signaling, though the effectors responsible for
CSL-independent Notch signaling and the events that
trigger it remain poorly defined.
The most recent genetic and functional data implicate
Deltex in Notch endocytosis and trafficking, a possibility
first suggested by genetic studies that place Deltex ac-
tivity downstream of full-length Notch but upstream of
ICN. Enforced expression of Deltex in Drosophila leads
to depletion of Notch from the cell surface and accumu-
lation of Notch intracellularly in endocytic vesicles (Hori
et al., 2004). Moreover, Deltex functionally antagonizes
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proposed to inactivate Notch molecules by directing
them to an intracellular compartment for degradation
(Sakata et al., 2004; Wilkin et al., 2004).
How might Deltex promote Notch endocytosis? Pro-
teomic studies by Artavanis-Tsakonas’s group have
identified a complex between the b-arrestin homolog
Kurtz and Deltex (Veraksa et al., 2005). Non-visual
b-arrestins are versatile adaptor proteins that regulate
the signaling and trafficking of different classes of re-
ceptors (Shenoy and Lefkowitz, 2003) and it may be
that Kurtz connects Notch/Deltex complexes to the en-
docytic machinery or otherwise influences their fate,
perhaps even by inactivating them in a way that may
depend on the E3 ubiquitin ligase activity associated
Figure 1. Surface Electrostatic Potential of the Notch Ankyrin Re-
peat and Deltex WWE Domains
The polypeptide chains are represented by ribbons and the protein
surfaces are colored according to electrostatic potential (red:250 kT,
blue: +50 kT).
(A) The ankyrin repeat domain of Drosophila Notch. Individual an-
kyrin repeats are labeled A2–A7; an acidic patch on the surface
of the fourth repeat near A2060 of repeat five is circled in black.
(B) The Deltex WWE domain. The basic pocket on the second WWE
repeat is circled in black.Structure, Vol. 13, November, 2005, Published by Elsevier Ltd DOI 10
Syn-Full Behavior
by T7 DNA Polymerase
In this issue of Structure, Brieba et al. (2005) report the
structure of a mutant T7 DNA polymerase with a tem-
plate lesion (8-oxo-7,8-dihydro-20-deoxyguanosine) inwith mammalian Deltex proteins (Takeyama et al.,
2003). It is also attractive to speculate that Deltex/Kurtz
complexes act as a CSL-independent sensor for Notch
activation, thereby serving to integrate the effects of
Notch activation with other signaling events influenced
by b-arrestins, like those transduced by G proteins,
Wnt proteins, or TGF-b family molecules. Having the
structure of the WWE domain of Deltex in hand repre-
sents an important first step toward sorting among
these various possibilities for the role of Deltex as a mod-
ulator of Notch signaling.
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a mutagenic syn conformation. This result provides a
structural basis for understanding the role of template
positioning during mutagenic DNA synthesis.
Cellular components are under the constant threat of at-
tack by reactive oxygen species (ROS) generated during
aerobic respiration. A major promutagenic DNA lesion
